Bioassay-guided fractionation of the aerial parts of Dasymaschalon echinatum led to the isolation of five known aristolactams; aristolactam AII (1), aristolactam BII (2), piperolactam A (3), piperolactam C (4), and goniopedaline (5), together with two aphorphine alkaloids; duguevalline (6) and noraristolodione (7) and two amide derivatives; asperphenamate (8), and N-benzoyl-L-phenylalaninol (9). Alkaloids 2 and 7 were isolated for the first time from the Dasymaschalon genus. The anti-HIV 1 reverse transcriptase (RT) activity of all isolated compounds was determined. Except for aristolactam BII (2), this is the first report of the anti-HIV 1-RT activity of compounds 1 and 3-9. Compounds 1, 3, 5, 6 and 8 showed weak anti-HIV 1-RT inhibitory activity with IC 50 ranging from 112.74 to 225.55 M.
The acquired immunodeficiency syndrome (AIDS) epidemic transmitted disease, increasingly encountered in low-and middleincome countries, is still a major health problem and has been continuously monitored by the World Health Organization. There were 2.7 million new human immunodeficiency virus (HIV) infections and 2 million HIV-related deaths reported worldwide [1] . Therefore, the development of effective new lead drugs for treatment of HIV infections is still a challenging problem. A variety of natural product compounds, such as ribosome inactivating proteins [2, 3] , flavonoids [4, 5] , lignans [6, 7] , and triterpenes [8] , have been found to inhibit unique enzymes and proteins crucial to the life cycle of HIV including the reverse transcription process and virus entry, the integrase or protease. For alkaloid derivatives, various types of alkaloids such as protopine [9] , berberine [10, 11] , psychotrine [12, 13] , and securinega alkaloid derivatives [14, 15] have been reported to have anti-HIV activity.
The Dasymaschalon genus belongs to the family Annonaceae which consists of 40 species. They are a small tree growing up to 10-m in height and found in Southeast Asia and the Peninsular of Malaysia. Twelve species of the Dasymaschalon genus were found in Thailand [16] . Phytochemical investigation of plants in this genus led to the isolation of several biologically active compounds including essential oils [17] , acetogenins [18] , cycloartanes [19] , alkaloids [19] [20] [21] [22] [23] , flavonoids [18, 24] , cyclohexene oxide derivatives [19, 25] , neolignans [26] and a novel anti-tumor caged xanthone [27] .
Dasymaschalon echinatum is known in Thai as "Bu-Rong Phu Luang" and is rare species found in the Northeastern part of Thailand (Loei and Nong Khai Provinces). To the best of our knowledge, the chemical and biological studies of D. echinatum have not been previously reported. Our research group has been systematically investigating bioactive consituents of plants in the Dasymaschalon genus [18, 21, 25, 26] . In the present work, we reported the bioassay-guided fractionation, structure elucidation and anti-HIV 1-RT effects of compounds isolated from D. echinatum. The chemical constituents isolated from the aerial parts of D. echinatum included aristolactam AII (1), aristolactam BII (2), piperolactam A (3), piperolactam C (4), and goniopedaline (5), together with two aphorphine alkaloids; duguevalline (6) and noraristolodione (7) and two amide derivatives; asperphenamate (8) , and N-benzoyl-L-phenylalaninol (9) (Figure 1 ). Their spectroscopic data were compared and agreed well with those previously reported in the literature. of the crude MeOH extract revealed that the MeOH extract was inactive. Therefore, it was further partitioned with hexanes, EtOAc and EtOAc-MeOH (1:1 v/v) to give, after evaporation, the hexanes, EtOAc and EtOAc-MeOH (1:1 v/v) fractions, respectively. The active EtOAc fraction was separated by vacuum column chromatography to yield six subfractions (A1-A6) which were also submitted for anti-HIV 1-RT evaluation. The results revealed that subfractions A2-A5 displayed substantial activity in the anti-HIV 1-RT assay (Table 1) . After chromatographic purification, compounds 1 and 2 were isolated from subfractions A3 and A4, respectively. Compound 1 was identified to be aristolactam AII based on its spectroscopic data and with direct comparison with those previously reported by Tsuruta et al. [28] and Lin et al. [29] . Similarly, compound 2 was assigned to be aristolactam BII previously reported by Lin et al. [29] .
Additionally, the EtOAc-MeOH (1:1 v/v) fraction was chromatographed by vacuum column chromatography to yield seven subfractions (B1-B7). After evaluated for their anti-HIV 1-RT activity (Table 1) , the active subfractions were further separated by means of chromatographic techniques to yield compounds 3-9 (isolated from subfractions B2, B3 and B5). By comparison of their spectroscopic data with those previously described in the literature, compounds 3-9 were identified to be piperolactam A, [29] piperolactam C, [30] goniopedaline, [31] duguevalline, [32] noraristolodione, [33] , asperphenamate, [34, 35] , N-benzoyl-Lphenylalaninol [36] , respectively.
The phenanthrene alkaloids mostly isolated from plants belonging to the Annonaceae are aristolochic acid, aristolactam, and aporphine types. Many of them showed various biological properties e.g. anticancer [21, 22] , antiplatelet aggregation [37] , antiplasmodium [38, 39] , and topoisomerase I inhibition [40] . To the best our database search, except for aristolactam BII (2) [41] , the evaluation of anti-HIV activity of compounds 1 and 3-9 has not been described previouly. The anti-HIV 1-RT activity of compounds 1-9 was examined and the results are summarized as shown in active in anti-HIV 1-RT assay whereas compound 4 was found inactive. Asperphenamate (8) , an amide derivative, also exhibited weak anti-HIV 1-RT activity with IC 50 147.0 M.
Experimental
General: Melting points (uncorrected) were recorded in degree Celsius (°C) and were determined on a digital Electrothermal IA 9000 series apparatus. The IR spectra were recorded on an ALPHA FT-IR (Bruker) spectrometer and major bands (ν max ) were recorded in wave number (cm -1 ). UV absorption spectra were taken in MeOH (AR grade) using JASCO V-530 spectrophotometer and principle bands (λ max ) were reported as wavelengths (nm) and log ε. Low resolution EI mass spectra were recorded on a Thermo Finnigan Polaris Q mass spectrometer at 70 eV (probe). High resolution mass spectra were recorded on a Bruker micro TOF spectrometer. NMR spectra were recorded on a Bruker AV 500 spectrometer (at 500 MHz for 1 H and 125 MHz for 13 C) in deuterated chloroform (CDCl 3 ) or dimethyl sulfoxide (DMSO-d 6 ) solutions using TMS or residual non-deuterated solvent peak as an internal standard. Solvents for extraction, chromatography and crystallization were distilled at their boiling point ranges prior to use. Pre-coated TLC aluminium sheets of silica gel 60 PF 254 (Merck) were used for analytical purposes and the compounds were visualized by ultraviolet light (254 and/or 366 nm) and/or spraying 12% H 2 Table 1 . Guided by the anti-HIV 1-RT activity, the active fractions were further separated by means of chromatographic techniques to yield nine analytically pure compounds as the followings: compounds 1 (6.3 mg), and 2 (3.0 mg) were isolated from subfractions A3 and A4; compounds 3 (37.4 mg), 4 (22.1 mg), 5 (2.5 mg), 6 (20.2 mg), 7 (33.0 mg), 8 (1.9 mg), and 9 (1.3 mg) from subfractions B2, B3, and B5. The details of the isolation and spectrospopic data of each compound were provided in the Supplementary data.
Anti-HIV 1 reverse transcriptase assay: Samples were prepared by dissolving in DMSO to obtain a final concentration of 0.2 mg/mL. Tannin was removed from the samples as described previously by Tan et al [13] . In a 96-well plate, a standardized amount of HIV 1-RT (Amersham Pharmacia Biotech Asia Pacific Ltd., Hong Kong) and the tannin-free sample (0.2 mg/mL) were added to the reaction mixture containing radio labeled thymidine triphosphate ([ 3 H]TTP) and poly adenylic acid (polyA) as an RT substrate and RNA template, respectively. HIV 1-RT activity was detected by measuring the incorporation of [ 3 H]TTP to the polyA template. Positive controls included fagaronine chloride and nevirapine, known RT inhibitors, in place of the tested sample, whereas negative controls were absent of tested samples. RT enzyme was standardized with fagaronine chloride. The experiments were done in triplicate. The data were averaged, and percent inhibition compared with the negative control was calculated. For the samples with greater than 70% inhibition, their 50% inhibitory concentrations (IC 50 ) were further determined by testing RT activities in the presence of various concentrations of the samples. The IC 50 values were then estimated from the dose−response curves.
Supplementary data: Details of plant extraction and isolation along with spectroscopic data of compounds 1-9 are also available.
